Undoped and Ge-doped ITO films (ITO" Ge) deposited at low temperature (70C) have been studied.
I. INTRODUCTION
Indium tin oxide compositions, commonly labeled ITO, are used in thin film form are utilized in various applications including transparent heat reflectors, heterogeneous solar cells, and transparent conductive coating for electrochromic windows ("smart windows").
Moreover, the burgeoning popularity of lightweight display has forced manufacturers to consider the use of plastic materials in their products. Advances in plastic roll-coating technology, particularly the use of high-rate sputter deposition in roll coaters, have resulted in the development of ITO coatings on polymer films such as polyester and polycarbonate [1] . However On the other hand, the grain size of crystallized ITO films, sputtered on heated substrates (T -> 450 C) or annealed after sputtering (T -> 500 C), ranges typically between 400 and 600 A, [3, 4] . For similar compositions the electrical and optical properties of the crystallized ITO films appear to be independent of the orientation of the crystallites [5, 6] [2, 3, 7] .
We have recently shown that this scattering effect can be reduced (and the conductivity increased) by doping ITO with copper oxide: this results in an enhancement of the sample density and, therefore, of the carrier tunneling through the micropores [8] .
H.2. The "Electronic Approach"
This second approach is based on the fact that heavily n-type (n > 10 20 cm -3) films are required in order to minimize the thicknes (<20A) of the depletion layer width occuring at the crystallite surface. The carrier-tunneling through the depletionlayer would then be enhanced [3, 7] . This situation differs from the previous one, which was related to micropores (II.1.).
On the other hand, Hoffman and al. [9, 10] have shown that, for sputtered highly degenerated ITO films (n > 1020 cm-3), the conduction-band electrons are strongly scattered at the ionized donor centers.
However, such a scattering effect (which, obviously, also inhibits the carrier mobility) should, a priori, be partially weakened if more appropriate n-type dopants are used to partially or totally substitute for tin in ITO. In fact these dopants M(m-n)+should, ideally, be such as the ground energy states associated with the On the other hand, a valuation of the "electron-acceptor-strength" of the ionized doping elements, M m+ can be carried out using the empirical relationship established by Y. Zhang [11] Among all the films deposited, only those whose composition is reported in Figure 1 illustrates the temperature dependance of conductivity for ITO and ITO:Ge films. Below 600 K the conductivity increases with the temperature probably because of the increase of the crystallite size [3] . The mass, m*, [12] . In fact the significantly higher carrier mobility observed for ITO" Ge films (Table 3) 
